To solve the problem that traditional highway route selection method cannot fully consider the complex geographical environment in the permafrost region of Qinghai-Tibet Plateau, AHP (Analytic Hierarchy Process) and fuzzy comprehensive evaluation were introduced into the highway route comparison and selection in permafrost region. Influence degrees of various factors on different route schemes in permafrost regions of the Qinghai-Tibet Plateau were analyzed by the AHP. The annual average temperature, engineering reliability and engineering capacity were selected as the characteristic parameters and their weights were determined. Variation range of the various influencing factors in permafrost regions of the Qinghai-Tibet Plateau were analyzed by the fuzzy comprehensive evaluation, 5 evaluation grades of highway route scheme in permafrost regions were established, and the actual highway route schemes between Xiushui River and Yamarle River were compared and selected. The results show that the temperature and frozen soil diseases are the main factors affecting the highway route plan in the permafrost regions of the Tibetan plateau, outstanding route plan needs comprehensive consideration of stability of highway engineering and environmental protection.
INTRODUCTION
Highway route scheme selection is a systematic project in the permafrost regions of Qinghai-Tibet Plateau, many aspects need to be considered in the selection process, such as elevation, temperature, geology, ecology and present project status. Part of the influence factors are restricted mutually, how to deal with the requirements of different areas and choose the best design of the road route design is an important issue for the design staff. Compared to other low altitude area, the highway route scheme in permafrost area of the Qinghai-Tibet Plateau has more influence factors, and its evaluation index has greater fuzziness with strong uncertainty. There is no uniform standard for highway project evaluation in permafrost regions at present, the trial and error method with experience is still widely adopted by the design staff. For the permafrost region with complex geographical environment, this method has been difficult to meet the practical needs, a new highway route selection method is needed to comprehensively consider the environmental impact factors in the permafrost regions of the Qinghai-Tibet Plateau.
In the course of the study, domestic and foreign scholars mainly studied the influence factors of the highway route position selection. Sadek has developed a multi-objective evaluation system for route design, which aimed at the geological factors, environmental impact and damage assessment in the region along the highway; AASHTO integrates the context sensitive design into the highway design specification, which embodies the design goal of the safety, aesthetics and traffic quality; Jha combined GIS with the spatial line optimization technology, the influence of the environment on the line selection was quantified by the specific calculation formula, and the value of the objective function is optimized; Snidero et al. proposed the working process of 3D reconstruction of geological surface based on the remote sensing data and geological map. Then the domestic scholars focused on the influence factors of highway route selection in permafrost regions of Qinghai-Tibet Plateau. On the basis of the distribution and engineering characteristics of permafrost, Sun Yongfu determined the route of the Qinghai-Tibet Railway; Chen Tuo et al. analyzed the dynamic stability of foundation engineering of railway route selection in permafrost regions of Qinghai-Tibet Plateau; Xu Jinliang et al. extracted the relevant indicators of ecological evaluation and analysis in Karst area, and got the weakest ecological impact route corridor.
For many years, although the domestic and foreign scholars have carried out a lot of research work on the road geological diseases of the frozen soil region and the highway route selection in the common area, based on the hydrological geology and the micro topography of the frozen soil, many theoretical principles for the selection of the corridor are presented, their divisions are still in these environmental parameters themselves, the guiding role for the route plan is limited, and the principles are limited to qualitative analysis, so that the scheme comparison depends too much on their own experience, with great limitations in practical application, often care for this and lose that.
In contrast, the method which applied the AHP (analytic hierarchy process) and fuzzy comprehensive evaluation to analyze the environmental impact factors in permafrost regions of the Qinghai-Tibet Plateau can analyze the impact of various factors on the highway route on the one hand, and can overcome the shortcomings of fuzzy evaluation index on the other hand. To this end, this paper puts forward a method based on AHP and fuzzy comprehensive evaluation to compare and select highway route scheme in the permafrost region of Qinghai-Tibet Plateau. The annual mean ground temperature, reliability of engineering and engineering capacity are selected as characteristic parameters, using the AHP to analyze the impact degree of various factors on the highway route scheme, and the Tibetan Plateau permafrost region highway route scheme is divided into 5 grades by fuzzy comprehensive evaluation. The actual highway route schemes between Xiushui River and Yamarle River were compared and selected using this method. Step Diagram of the Analytic Hierarchy Process.
Establish the multi-level evaluation model and comparative judgment matrix
To solve the problems in the application of AHP, the complex problem should first be divided into a number of elements, and the different elements are grouped by category, and then a multi-level evaluation model will be established according to the group.
After a multi-level evaluation model is established, the relationship between the elements of the upper and lower levels is determined. For the multi-level model, the elements in each level can be followed with respect to the relevant upper layer elements. Thereby establishing a series of the following form of the judgment matrix. 
The judgment matrix has the following properties
Among them, b ij represents the importance of the element b i compared with the element b j , which is related to the upper layer element A. In the comparison between the elements, usually using 1-9 scale method.
Relative weight of elements under a single criterion and its consistency checking
There are many methods to calculate the weight vector, and the common method is the characteristic root method. Assuming that the maximum characteristic root of A -B i is λ max , the corresponding characteristic vector is W, then the calculation method of W and Max is as follows:
(1) Elements of A -B i are multiplied line by line; (2) The resulting product respectively opens n times square; (3) Normalize the root of vector, get the weight vector W;
AHP does not require consistency when constructing judgment matrix, but sometimes appears a situation that A is extremely important than B, B is extremely important than C, and C is extremely important than A, which is unconventional. Therefore, in order to get the scientific decision-making, after the λ max is obtained, the consistency test should be carried out, and the process is as follows: (1 
Calculate the combined weights of the elements in each layer
In order to get the relative weight of every element of every layer in the hierarchy, calculation results of the second steps are combined and the consistency check of the total judgment is carried out. This step is from top to bottom by layers. The final calculation result is the lowest level, that is, the relative weight of the priority order of the decision scheme and the consistency check of the whole hierarchical model.
FUZZY COMPREHENSIVE EVALUATION
The essence of fuzzy comprehensive evaluation is to sort the research object according to a certain division basis.
Set up factor set and evaluation set
Factor set U is a set of factors that affect the evaluation object. U={u 1 ， u 2 ，…，u p }.
Evaluation set V is a set of the total evaluation results which are made by the judge to judge the object. V={v 1 ，v 2 ，…，v m }.
Fuzzy evaluation
First of all, select the single factor from the factor set U to evaluate, determine the degree of membership of each element of the evaluation object. Then the evaluation set is composed of a total evaluation matrix, which is usually expressed by R.
Establish the weight vector
The degree of importance of each factor is usually not the same, in order to reflect the importance of various factors, the factors of u j should be given the corresponding weights w j . Vectors formed by weights are called factor weight vector. W i ={w 1 ，w 2 ，…，w n }.
Fuzzy mathematics comprehensive evaluation model
When the weight vector W and the judgment matrix R are known, they can be used to do the comprehensive evaluation, and the mathematical model of fuzzy comprehensive evaluation is shown below: B=W·R B´ is got after the normalization of B, multiply B´ and fuzzy evaluation vector V, the comprehensive evaluation results are obtained, which are marked as G.
G= B´·V T Among them, V is the median of the ratings obtained by reviews.
INFLUENCE FACTORS OF HIGHWAY ROUTE SCHEME IN PERMAFROST REGION OF QINGHAI-TIBET PLATEAU
The permafrost environment is a big challenge in Qinghai Tibet highway route plan selection. The geological conditions in this area are very complex and the ecology is very fragile, and the diversity and complexity of topography, geological and environmental conditions are very prominent. According to the definition of highway environment parameters, combined with the natural environment of the Qinghai-Tibet Plateau permafrost, annual mean ground temperature permafrost area road diseases, vegetation cover and engineering capacity are the ratio of main influencing factors in permafrost regions selected highway route scheme of Tibet Plateau, this is because they reflect the influence of natural environment on the permafrost temperature, and determine the stability of the frozen soil under different factors. They have an important influence on the design, construction, maintenance, operation and management of highway engineering. So they are important environmental parameters in the permafrost region. The following will detail the four main factors, and analysis of the impact of various factors on the highway route scheme.
Annual mean ground temperature
As a special natural and ecological product of the Qinghai-Tibet Plateau, the spatial distribution of frozen soil has a direct impact on the safety and stability of the project. Temperature is the key index to describe the characters of permafrost, Qinghai-Tibet Plateau Permafrost study is not only the premise of soil management and sustainable utilization of environmental monitoring, and one of the prerequisites necessary for scientific decision-making and guidance in permafrost area engineering construction design, construction and maintenance. The distribution characteristics of soil temperature in permafrost regions of the Qinghai-Tibet Plateau have strong regional and special characteristics, which are mainly influenced by elevation, latitude, vegetation coverage and other factors.
Elevation
There are about 2 million 150 thousand square kilometers of permafrost in China, most of which located in the Qinghai-Tibet Plateau. In addition, the permafrost region of Qinghai Tibet Plateau is the high altitude permafrost, and it's the highest and largest permafrost area in the low mid latitudes. Elevation is the main morphological feature of topography and geomorphology. Different elevation will have direct or indirect effects on the highway construction, such as low temperature, high altitude hypoxia, not only have a direct impact on the highway construction, produce a variety of diseases, and will cause adverse effects for the vehicle's operation. Elevation is one of the important factors that affect the formation and distribution of frozen soil. Mainly because of different altitude comes with different annual average temperature of the frozen soil.
Latitude condition
The annual average temperature and thickness of permafrost vary with latitude and altitude. In the northern hemisphere, the annual average temperature increases from north to south, and the thickness from north to south Gradually become thin. In the permafrost regions of the Qinghai-Tibet Plateau, along with the change of latitude, the continuous permafrost regions, the island melting zone and the island permafrost regions appears in turn. Their annual average temperature is different, and there is a complex heat exchange relationship among all kinds of plots. Among them, the average annual soil temperature in the permafrost region is lowest. In distribution, the permafrost region is mainly distributed between Xidatan and Anduo, continuous permafrost regions were distributed in 32°20′ N~35°45′ N.
Equivalent latitude
In permafrost region, the internal temperature distribution is affected by many factors, in addition to the above the altitude and latitude conditions, between permafrost and permafrost, the external environment, the underlying strata, the surrounding soil and the heat exchange process have important influences on the temperature, Among them, the surface slope gradient determines the heat change of the heat transfer process. Therefore, the equivalent latitude is used to measure the influence of topography and latitude on the annual average temperature of the route across the region. The equivalent latitude is calculated by slope aspects, slope gradients and latitude calculated, so as to comprehensively consider the influences of slope and slope direction.
Vegetation index
Permafrost region of the Tibetan plateau at an elevation of high middle and low latitude areas, with low average temperature, and the vegetation coverage is low, but as the interface of alpine ecosystem, vegetation is one of the energy exchange zones between permafrost and atmospheric, but also affect the permafrost annual mean ground temperature in a certain extent. The current study shows that, with the reduction of vegetation coverage, soil temperature change rate increased, which means that in the vegetation coverage area, the rate of change of soil temperature was inhibited; the vegetation plays a stabilizing role in the bad environment.
Highway diseases in frozen soil region
The geological conditions in permafrost regions are complex, and a large area of bad geological phenomenon has been developed, which has a great influence on the choice of highway route in permafrost regions. Aiming at the influence factors on the road diseases in permafrost regions, such as the thick underground ice layer, ice layer, thaw slumping, frost heaving, the study area was divided into several partitions, considering the influence of all kinds of partition in highway disease severity factors respectively.
Thick layer underground ice
Thick ground ice refers to ice thickness greater than 0.25m (or interval of 2~3cm ice more than 0.25m) of the underground ice, it is because of the cold climate, water supply, the full freezing speed slowly and cause a lot of water to the freezing front migration and freezing results in formation of permafrost. In all the bad phenomena of frozen soil, the thick layer underground ice is the most sensitive to temperature change, and has the greatest impact on the construction of highway subgrade and not easy to avoid.
Ice soil layer
The engineering geological properties of frozen soil have a great relationship with the ground ice content, finding out the distribution of ice content, water content and ice rich permafrost is the premise to make the correct design. The formation and melting of ice rich permafrost are the main reason for surface deformation of frozen soil region, thermal collapse.
Thaw slumping
Thaw slumping happens in permafrost slope area. The main reason is the collapse of underground ice melting caused by overlying soil. The earthwork allocation of highway construction in permafrost area is easy to make the ice layer under the roadbed side slope contact with the external environment, resulting in the collapse of the thermal melt.
Frost mound
Frost heaving is due to deformation of the surface uplift of groundwater in the weak area of frozen expansion, it will provide water conditions for frost, after melting, the subgrade and soil near will have high water content, it may lead to subgrade frost heaving.
Vegetation cover effects
Because of the alpine characteristics of Qinghai-Tibet Plateau, the vegetation in the area is relatively scarce, and the ecological environment is fragile and sensitive. The destruction of the vegetation will not only affect the stability of the permafrost, but also pose a danger to highway engineering. Therefore, the influence of vegetation coverage in permafrost region should be fully considered. The normalized vegetation index (Normalized Difference Vegetation Index, NDVI) is an important index to characterize the surface coverage and plant growth status, therefore, this paper analyzes the influence of vegetation cover in permafrost regions based on NDVI.
Engineering capacity influences
Qinghai Tibet Highway Corridor bandwidth is only a few kilometers, in the narrow place even only a few hundred meters. In the limited range, many projects have already built including the Qinghai Tibet highway, Qinghai Tibet railway, Golmud-Lhasa oil product pipeline, Lanzhou-Xining-Lhasa communication optical cable project and 500kV transmission project and other linear engineering. Dense linear engineering group will format thermal interference, exacerbate the permafrost temperature rise, causing a large scale disease, and will have a very important impact on the highway line selection. Route selection should be in line with the five major projects to maintain a reasonable spacing, to avoid the risk of the formation of thermal interference between the projects.
DETERMINATION OF IMPACT FACTOR WEIGHT AND EVALUATION SET 4.1 Determination of the influence factors' weights
According to the analysis of the influencing factors of the highway route scheme in the Qinghai-Tibet Plateau, using analytic hierarchy process, fuzzy comprehensive evaluation model is established. Calculated C I = 0.025, for the IR=0.9, calculated C R = 3 < 0.1, indicates that the judgment matrix has a satisfactory consistency. In the same way, the weight of each element of the C layer with respect to the B layer can be calculated, as shown in 
Determination of the evaluation set
The 15 factors which influence the evaluation can be composed of U, and there are 5 kinds of results, that is, excellent, good, general, inferior and poor, which constitute the evaluation set V, V= [10, 30, 50, 70, 90] .
Here, according to the evaluation factors of weight setting, the smaller the risk score value is small, the reliability of highway route scheme is stronger; on the contrary, the greater the risk score increases, the reliability of highway route scheme is worse. 
INSTANCE VERIFICATION
The proposed project designed 4 schemes between Xiushui River and Yamarle River, which are scheme B, scheme K, scheme C and scheme D, the plan is as follows.
Figure 3. Route plan.
Scheme B: The route from the south bank of the Xiushui River, passes around the west side of the Fenghuo mountain, across the Zhidoi County, Yushu Tibetan Autonomous Prefecture, full-length 47501.976m, stop at the north side of the Yamarle River Bridge.
Scheme K: The route from the south bank of the Xiushui River, across the Beilu River, South to the Fenghuo mountain, crossing the Fenghuo mountain along the canyon, full-length 55668.735m, stop at the north side of the Yamarle River Bridge.
Scheme C: The route from the south bank of the Xiushui River, across the Beilu River, South to the Fenghuo mountain, passes around the west side of the Fenghuo mountain with tunnels, full-length 48638.799m, stop at the east side of the Yamarle River Bridge.
Scheme D: The route from the south bank of the Xiushui River, across the Beilu River, South to the Fenghuo mountain, along the ridge to the south, and across the mountain with tunnels. Full-length 53532.533m, stop at the east side of the Yamarle River Bridge.
Evaluation of average annual temperature conditions (1) Evaluation of elevation
Between Xiushui River and Yamarle River, the four route schemes all through the Fenghuo mountain area with high altitude, cold climate, unique geological structure. The highest elevation of the Fenghuo mountain is 5010m, with an average elevation of 4700m, the lowest temperature in winter can reach -40 degrees.
In the project, Scheme B and Scheme C pass around the Fenghuo mountain on the west side to avoid the steep, high elevation region. Scheme K passes through the canyon, used some favorable terrain. Scheme D passes along the ridge to the south. (2) Evaluation of the latitude conditions The latitude conditions have great influence on the annual average temperature, and in the 32°20′N~35°45′N, mostly area is permafrost region. Due to that the area between Xiushui River and Yamarle River is in the 32°20′N~35°45′N, therefore, according to the route length of each plan, the degree of latitude influence is evaluated. (3) Evaluation of equivalent latitude conditions The equivalent latitude combines the information of slope, aspect and latitude. When the equivalent latitude is less than or equal to the latitude, that section of the sunny slope, otherwise it is shady. It reflects the influence of micro topography on the annual average temperature in the target area. The area between Xiushui River and Yamarle River is in the Fenghuo Mountain with complex terrain, need to consider the impact of micro topography factors.
In the project, Scheme B and Scheme K pass through the foothills, the overall landscape is nearly consistent, shady slope and sunny slope ratio are roughly equivalent. Scheme C and Scheme D use tunnels to pass the mountain, so they have higher shady ratio. (4) Evaluation of vegetation index In the alpine region, the vegetation coverage can effectively stabilize the soil temperature, so the index of vegetation coverage reflects the stability of the area of soil in a certain extent.
In the project, the area between Xiushui River and Yamarle River has relatively sparse vegetation in the north and south slope of the Fenghuo Mountain, which are acupuncture wormwood plants. 
Evaluation of highway disease in frozen soil region
(1) Evaluation of thick layer underground ice The area between Xiushui River and Yamarle River is in the permafrost region. Road construction is affected by thick ground ice in the permafrost environment. When exposed to the atmosphere or underground ice layer thickness decreases, the thermal equilibrium will destroy the thick ground ice, easy to cause the ground ice melting, causing hot melt boiling, lead to pavement disease.
In the project, because of the low ground temperature in the north side of the Fenghuo Mountain, the ice rich frozen soil has a wide distribution in this area, all the four schemes have been affected greatly. (2) Evaluation of ice soil layer The area between Xiushui River and Yamarle River has significant areas of ice soil layer. When the route passes through the ice containing soil, it is easy to cause the foundation deformation, which leads to the destruction of the road. Special design and measures should be taken to maintain the normal operation of the highway.
In the project, each plan passes through the ice soil layer, so they need to compare the impact of ice soil layer. In the project, in order to minimize the influence of the thaw slumping, all plans have taken steps to avoid the thaw slumping area, so they need to compare the impact of thaw slumping.
(4) Evaluation of frost mound
The area between Xiushui River and Yamarle River develops many frost heaving, ice cone diseases, and these diseases can cause great damage to the subgrade.
In the project, because of all the schemes are in the permafrost area, they are deeply affected by the frost mound. In this paper, the big frost heaving and ice cone are mainly considered. 
Evaluation of vegetation cover effect
The area between Xiushui River and Yamarle River has little amount of vegetation, the surface vegetation is sparse.
In the project, according to the NDVI index, the scheme after the area was divided into four vegetation types, namely alpine meadow（0.4≤NDVI＜0.3）, high covered grassland (0.3≤NDVI＜0.15), middle covered grassland（0.15≤ NDVI＜0）and low covered grassland（0≤NDVI＜-0.2）. The evaluation is carried out according to the corresponding ratio of each program line. 
Evaluation of engineering capacity influence
In the project, Scheme B, Scheme K and Scheme C are disjoint relation with the existing main line projects, Scheme D has crosses with the existing main line projects. The crossing of the existing project will greatly increase the difficulty of the project in the corridor of the permafrost region along the Qinghai-Tibet Plateau. 
Summary
Through the evaluation of the four aspects, the evaluation indexes of each scheme are obtained, and the fuzzy evaluation matrix is obtained by using the target layer and the weight of the index layer. The calculated results are in the table 19, after a comprehensive comparison, scheme K is the recommended scheme. 
CONCLUSIONS
(1) In this paper, based on the AHP and fuzzy comprehensive evaluation theory, combined with the geographical and geological conditions in permafrost region of Qinghai Tibetan Plateau, influence factors and weight of highway route scheme in Permafrost Regions were determined; the comparison and selection method of highway route scheme in permafrost regions of the Qinghai-Tibet Plateau is established.
(2) Actual highway route schemes between Xiushui River and Yamarle River were compared and selected, and got the relatively optimal route scheme. (3) In this paper, it should be noted that the influence factors of the QinghaiTibet Plateau permafrost region are not comprehensive enough, there is no quantitative evaluation of wind-blown snow and other diseases in permafrost regions, the reason is the lack of investigation data of these diseases, and it is difficult to determine the quantitative criteria for the impact of highway route scheme. In the next phase of the study, these conditions should be considered on the basis of this paper to improve the conclusion. (4) In the practical design of highway route in the Qinghai-Tibet Plateau permafrost region, the economic factor, national defense construction and politics will also have great influence on the final scheme. This paper focused on the permafrost influences, and can provide some guidance on the avoidance of geological disasters.
